Age determination is one of the most important parameters for human identification. Radiographic changes during epiphyseal union provide an important means to estimate the age of adolescent and young adult skeletons. This study aims to investigate the relationship between stage of epiphyseal union at the wrist joint and chronological age in a Jordanian population. The study was carried out in a total of 101 antero-posterior radiographs of healthy subjects (45 girls and 56 boys) aging from 12 to 22 years. The obtained results from the radiographs enrolled in the current study revealed that the complete union of lower end of radius is seen at 20-21 years. The complete union of lower end of ulna is seen at 20-21 years. Females were consistently developing epiphyseal union at a younger age than their male counterparts, with a two years difference. The results suggested that the ages of epiphyseal union are found to vary greatly all over the world indicating the need for separate standards of ages of epiphyseal union for separate regions.
Today there is an increasing demand for age estimations in living individuals for both forensic and bioarchaeological contexts. The principal methods used for age determination are those of radiology, tooth morphology, and biochemistry. These methods differ widely with respect to potential, limits and risks 1, 2 . Timing of epiphyseal union is an important means to estimate the age of adolescent and young adult skeletons. After puberty the process of growth in length of the long bones stops at different ages in different parts of different long bones, which is complete by the age of 22 years as described by various authors 3, 4 . It is clear that the timing of epiphyseal union is fairly constant with minor variations among different study groups of different geographic areas 5, 6 . The minor differences in the age of fusion could be due to effects of changes in climate, economic, hereditary, dietetic conditions 7, 8 or simply lack of standardized methodology. Furthermore, sexual variations in time of epiphysis maturation were well documented. In most of the studies females have shown earlier fusion as compared to their male counterparts 9 . Consequently, the need for separate standards of ossification for separate regions has been suggested 10, 11, 12 . There are hundreds of ossification centers in the bones of the body. The long bones of upper and lower limbs play a vital role in assessment of age. The knee is an ideal anatomical locus for assessment of epiphyseal union, as the patient's knee joint often presents for investigation of trauma 13 . On the other hand, the hand-wrist region has received the greatest attention in assessment of skeletal maturation. The age for epiphyseal fusion of lower end of radius and ulna is bilaterally similar, i.e. it occurs at the same age in both hands, various studies have shown that the lower end (epiphysis) of radius and ulna fuses with their respective diaphysis within the age group of 16-20 years 14, 15, 16 . In the developing part of the world, and here in Jordan, a standard reference atlas for age estimation is in routine use. However, there is no available data concerning the completion of epiphyseal union among Jordanian population. So, the present study was carried out to investigate the ages of epiphyseal union around the wrist joint and its correlation with chronological age in modern Jordanian cohort.
MATERIALS AND METHODS
This retrospective cross-sectional analysis of the relationship between epiphyseal union at the wrist region and chronological age was undertaken using a sample of radiographs from Alkarak Governmental Hospital/South Jordan. A total of 107 healthy subjects having age from 12 to 22 years were enrolled in the present study. All the subjects belonged to middle socioeconomic status who have a history of residence in Alkarak/ South Jordan. Exclusion criteria were as follows: individuals who were not resident in Alkarak for less than 10 years, subjects who had musculoskeletal, nutritional and endocrine disorders and also without previous history of trauma or injury at the examined joints and bones, also very bad quality radiographs were excluded. The chronological age of each subject was calculated using information provided on the date of birth and the date of registration for the X-ray, therefore allowing the calculation of exact age in years at the time of the X-ray. The final number of subjects included in the study was 101 (56 boys and 45 girls). The subjects were subdivided into ten groups as follows: 12-13, 13-14, 14-15, 15-16, 16-17, 17-18, 18-19, 19-20, 20-21 , and 21-22 years according to their ages. The distribution of boys and girls in each age group is shown in Table 1 . Anteroposterior view of wrist joint was examined in each case. All radiographs were evaluated by the physician who was informed only of the sex of the subject. The study was conducted according to the ethical forms approved by the Faculty of Medicine Ethics Committee in Mutah University.
Criteria for union
The different phases of epiphyses union will be graded into five stages according to McKern and Stewart (1957) Recent union: When the epiphyseal cartilage is bony in architecture and its density indistinguishable from the epiphyses and diaphysis in its neighbourhood, but the epiphyseal scar is still distinguished (3rd degree union), (v)
Complete union with absence of epiphyseal scar (4th degree union).
RESULTS
The distribution of all subjects at each stage of union for the ten age groups is shown in Table 2 . For both of the epiphyses (the lower end of both radius and ulna), the progression of epiphyseal closure through all stages of union is evident with increasing chronological age. It is to be remembered that for each age-group included in the study (e.g. 12-13 year), it represents the subjects who have completed a particular number of year (12 years) and not completed the next number of year (13 years).
Lower end of radius
Age group 12-13 years [6 cases (100%)] were not showing even starting up of the process of epiphyseal fusion (Table 2 ). On advancing of age groups the process of epiphyseal fusion was seen to be advancing further and distributed Table 2 . The number of subjects at each stage of epiphyseal union in the lower ends of radius (R) and Ulna (U) for each age group; i = Non-union, ii = Beginning union, iii = Incomplete union, IV = Recent union, v= Complete union Age Groups Degree of Epiphyseal Fusion(Number Of Cases/ radius and ulna) Lower end of ulna Age groups 12-15 showed no complete union of lower end of ulna; instead they were distributed between the different stages of union ( Table 2 ). The youngest age group showing complete union of lower end of ulna is 15-16 years. The complete union of lower end of ulna was seen in all cases at 20-21 years. The distal end of ulna showed complete union in 51 out of the 101 examined individuals (50.50%), and they were distributed between the ages 15-22 years. Age groups 19-22 show the majority of these unions presenting almost 32 out of 51 ulna bones (62.75%). Comparing radius and ulna both showed the same youngest age group of complete union at their lower ends i.e. 15-16 years. Also, both showed complete union in all cases at the age group 20-21, whereas the remaining subjects were distributed in the different stages of union, as shown in Table  1 . Tables 3 and Table 4 show the complete union in both sexes for the lower ends of radius and ulna, respectively. In the two tables as age (Table 4) . Therefore, females showed earlier epiphyseal fusion at lower end of radius and ulna compared to males with a difference of two years.
Males vs. females

DISCUSSION
The long bones of upper and lower limbs play a vital role in assessment of age both in living and dry remains. The study of the epiphyseal union of bones is considered a reasonable scientific and accepted method for the estimation of age by courts of law worldwide. The appearance and fusion of some ossification centers in the bones with others of the same bones form the basis of estimation of age. McKern and Stewart (1957) 17 adopted a method that was based on dividing the process of epiphyseal union into five different stages. Currently there is an obvious lack of standards for epiphyseal union for the purposes of assignment of chronological age 18 . Therefore, interpretation is likely to vary among investigators within different countries; this may be explained, however, on the basis of how the authors have classified their range of union 13 . It is generally accepted that there was no difference in the stage of union of the various epiphyses between right and left sides, which indicates that epiphyseal union appears to occur at the same time on both sides 13, 19 . Thus, samples can be maximized in studies as authors do not need to select a particular side. Most of the studies in different geographical regions have performed a retrospective radiological method, which not only provide a mean for assessing the epiphyseal union but also offering the facility with which large numbers can be examined. Additionally, those retrospective studies have minimized health risks posed by Table 5 ). The results in the present study showed that the complete fusion of distal ends of both radius and ulna among the people of Jordan is taking place between the age of 18 and 21 years. As illustrated in Table 5 , some studies of other authors' showed variability from our results. Other authors are having conclusions parallel with our study. Davis and Parsons (1927) 30 and Paterson (1929) 20 , in their early studies on the population of Great Britain have described that the epiphyseal union at lower end of radius and ulna occurs in the same age group, which is in agreement with our obtained results. Thus, populations of Jordan and England have same age for epiphyseal union as far as lower end of radius and ulna are concerned. On the other hand, among Jordanians there was no difference between the ages of epiphyseal union between the lower ends of radius and the lower end of ulna. Conversely, many workers from different regions have reported that fusion at lower end of ulna shows epiphyseal union in advance of the lower end of radius with a difference of less than a year (Table 5) . Variations between authors have been recorded not only by workers from different countries but even by the workers from various states of a large country such as India 28 . Those countable differences in the appearance and fusion activities of ossification centers are depending on race geographic distribution and sex. The process of ossification may also be influenced by food habit, nutritional status, infectious diseases, hormonal and metabolic disorders and physical activity 31 . So, this suggests that the correct criteria should be used in age estimation for separate regions.
The current study found that females are consistently developing epiphyseal union at a younger age than their male counterparts. In their early studies, Pryor (1925 Pryor ( , 1933 22, 32 , Greulich and Pyle (1959) 14 and Loomba (1958) 33 have stressed that the bones of females ossify in advance of male. Majority of the authors reported conclusions parallel with the results in our study (Table 5) . This study has noted that there is generally a difference of two years between males and females, which is in agreement with the results of previously published studies, which have found that females typically develop union approximately two years in advance of males 16, 20, 24, 25, 34, 35 . Therefore, it is clear that separate age range standards are required for males and females to ensure the greatest accuracy of age estimation 13 .
CONCLUSION
The current study is the first to present a radiographic technique, which assists the process of epiphyseal union at the wrist joint among Jordanian population. The completion of epiphyseal union in Jordanian population for the lower end of both radius and ulna is at the age of 20-21 and 18-19 years for males and females, respectively. The ages of epiphyseal union are found to vary greatly all over the world indicating the need for separate standards of ages of epiphyseal union for separate regions. It is recommended to collect data for more subjects and from different parts of the country in future studies, which will supplement the information yielded by the current study. Also, it is intended to combine information from as many epiphyses as possible to provide the most accurate estimate of epiphyseal union for the purposes of assignment of chronological age.
